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Abstract
We give a presentation for a Chevalley group arising from a hermitian Lie algebra whose roots
have all the same length. This is a variant of Steinberg’s presentation of a general Chevalley group,
using only noncompact roots.
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1. Introduction
Groups of symmetries of hermitian symmetric spaces, sometimes called hermitian
Lie groups or Lie groups of hermitian type, exhibit distinguishing properties among
general Lie groups. Their Lie algebras (designated by the same name), for instance, admit
nontrivial unitary highest weight representations (which have been classified in [3,4]); the
complexification of these Lie algebras carry a 3-gradation given by the Harish-Chandra
decomposition. Two common features in this theory are: (i) a close interplay with methods
of complex analysis and (maybe because of (i)), (ii) the possibility to give an explicit form
to results which either have no analogue or can only be sketched in general Lie theory.
On the other hand, it is often fruitful to consider problems and techniques of Lie theory
in this particular setting [5].
The present article introduces presentations of Chevalley groups associated with the
complexification of hermitian Lie algebras (also called complex hermitian). In terms of
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parabolic subgroups with abelian unipotent radical (see [8,9]).
A complex simple Lie algebra is hermitian if and only if its irreducible root system has a
3-gradation (see definition below). We adopt here a root system approach to the Chevalley
groups associated with them, skipping the correspondence with Lie algebras and its Cartan
subalgebras or Chevalley bases. This method seems to provide a more direct treatment of
the problem studied here.
We assume from now on that Φ is a finite irreducible root system which is 3-graded,
that is, Φ is the disjoint union of subsets
Φ = Φ−1 ∪ Φ0 ∪ Φ1,
with Φ−1 = −Φ1 = ∅, which satisfy
Φ ∩ (Φi +Φj ) ⊂ Φi+j ,
where Φi = ∅ if |i| 2.
In accordance with the fact that these root systems always arise as root systems of
hermitian Lie algebras, we say that the roots in
Φn = Φ−1 ∪ Φ1
are noncompact and the others, i.e., those in Φ0, are the compact roots.
One can show that there exists a positive system for Φ in which the roots of Φ1 are all
positive and, in this case, there is exactly one noncompact simple root β .
Let
Π = {α1, α2, . . . , αn}
be the set of simple roots indexed as in Bourbaki, Planches I–IX (see [1]). Then Φ
is isomorphic to one of the root systems in Table 1, see [1,7,9]. Also, in Table 1, we
indicate the possibilities for the noncompact simple root. They are the roots occurring with
coefficient 1 in the decomposition of the highest root into a linear combination of simple
ones.
In this paper, we restrict our analysis to the situation where all roots of Φ have the same
length. Hence, we suppose from now on that Φ is of type An,Dn,E6 or E7.
Table 1
Irreducible 3-graded root systems
An: β = α1, α2, . . . , αn.
Bn: β = α1.
Cn: β = αn.
Dn: β = α1, αn−1, αn.
E6: β = α1, α6.
E7: β = α7.
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are several possible algebraic groups known as Chevalley groups. The Chevalley group of
adjoint type Ga and the universal Chevalley group Gu are two examples; one can consult
Steinberg’s work [9–12] as a reference for the full meaning of these groups. Here, we limit
ourselves to characterizing them by means of abstract presentations.
Let Nα,β be the structure constants of the complex Lie algebra associated with Φ
relative to a Chevalley basis [2]. In the single root length case, the structure constants
Nα,β, where α,β ∈ Φ , α = −β , are numbers satisfying:
(a) Nα,β = ±1 if α + β ∈ Φ; Nα,β = 0 otherwise,
(b) Nα,β = −Nβ,α,
(c) Nα,β = Nα+β,−β ,
(d) N−α,−β = −Nα,β ,
(e) Nα,βNγ,δ + Nβ,γNα,δ + Nγ,αNβ,δ = 0 for α + β + γ + δ = 0.
(The Nα,β can be defined abstractly by equations (a)–(e); see [6] for a modern
discussion about it).
Put [x, y] = xyx−1y−1. R. Steinberg has described the Chevalley groups associated
with single length root systems by means of the following presentations:
Theorem 1.1 (Steinberg [11]). The universal Chevalley group Gu is isomorphic to the
group generated by symbols xα(t) (α ∈ Φ , t ∈ K) subject to the relations (A), (B), (C) if
Φ = A1 or the relations (A), (W), (C) if Φ = A1, given by
(A) xα(t)xα(u) = xα(t + u),
(B) [xα(t), xβ(u)] = 1, 0 = α + β /∈ Φ ,
[xα(t), xβ(u)] = xα+β(Nα,βtu), α,β,α + β ∈ Φ ,
(W) nα(t)xα(u)nα(t)−1 = x−α(−t−2u), t = 0,
(C) hα(t)hα(u) = hα(tu), tu = 0,
where nα(t) = xα(t)x−α(−t−1)xα(t), hα(t) = nα(t)nα(1)−1, t = 0.
If Z is the center of Gu then Ga is isomorphic to Gu/Z. Finally, let Gc be the group
generated as above but omitting the relations (C). Then Gc, with its canonical projection
onto Ga , is a central extension of Ga , with [Gc,Gc] = Gc . If |K| > 4 and moreover, if
|K| = 9 in the case Φ = A1, then Gc is a universal central extension of Ga .
We show that symbols associated with noncompact roots are sufficient to give a
presentation for a Chevalley group of hermitian type. The relations are obtained by
simple restriction of those in Steinberg’s presentation to noncompact roots, except for
Chevalley’s commutator formula (B). Since a root that is the sum of two noncompact ones
is compact, we have ‘compact’ symbols in the formula that are not allowed in the new
presentation. To handle this situation, we consider instead a double bracket involving three
noncompact symbols and this yields a noncompact symbol again. This approach resembles
the utilization of a ternary operation in the theory of Jordan triple systems or Jordan pairs.
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are introduced now as axioms (W∗) defined for noncompact roots.
The point is that the double bracket formula and the restricted Steinberg relations still
present the same group. Next, we specialize the above relations to the noncompact roots;
the families of relations so obtained are denoted with the superscript ‘∗’.
Let β,γ, δ ∈ Φn and s, t, u ∈ K .
(A∗) xβ(t)xβ(u) = xβ(t + u).
(B∗) • [xβ(s), xγ (t)] = 1 if 0 = β + γ /∈ Φ .
• [[xβ(s), xγ (t)], xδ(u)] = 1 if β + γ + δ /∈ Φ .
• [[xβ(s), xγ (t)], xδ(u)] = xβ+γ+δ(Nβ,γNβ+γ,δstu) if β + γ , β + γ + δ ∈ Φ .
(W∗) nβ(t)xβ(u)nβ(t)−1 = x−β(−t−2u), t = 0.
(C∗) hβ(t)hβ(u) = hβ(tu), tu = 0,
where nβ(t) = xβ(t)x−β(−t−1)xβ(t), hβ(t) = nβ(t)nβ(1)−1, t = 0.
By property (c) of the structure constants, one can replace the Nβ+γ,δ in (B∗) with
Nβ+γ+δ,−δ if one wishes no explicit reference to compact roots in the presentation.
The following theorem guarantees that noncompact symbols, together with the ‘∗’
relations, present Chevalley groups of hermitian type associated with Φ .
Theorem 1.2. Let G be any group generated by elements xβ(t) (β ∈ Φn, t ∈ K) satisfying
the relations (A∗), (B∗) and (W∗). Then there are elements xα(t) ∈ G (α ∈ Φ0, t ∈ K)
which, along with the above generators, satisfy the relations (A), (B) and (W). In addition,
if the relations (C∗) hold, so do all of (C).
The next section will be dedicated to the proof of Theorem 1.2. The relations (W) are
consequences of axioms in the classical Steinberg presentation if Φ is not of type A1. In
fact, there one can write xβ(t) as a bracket of symbols associated with roots other than
±β , via Chevalley’s commutator formula (B). This is not always possible using the double
bracket formula, so we have included it here as axiom (W∗) (in particular, there is no
separate presentation for the case A1). Probably (W∗) can be omitted whenever any symbol
corresponding to a noncompact root can be isolated by means of (B∗) (this certainly holds
for An,n 3, if the simple noncompact root is selected from inside the Dynkin diagram).
We have the following immediate consequence of Theorem 1.2:
Theorem 1.3. The abstract group generated by the symbols xβ(t) (β ∈ Φn, t ∈ K) subject
to the relations (A∗), (B∗) and (W∗) is isomorphic to Gc. If, in addition, the relations (C∗)
are imposed, then the group so obtained is isomorphic to Gu.
In the cases Φ = Bn or Cn (two root lengths), one still has a unique compact symbol
appearing in Chevalley’s formula for a nontrivial bracket of two noncompact ones. Solving
the formula for that symbol and taking a second bracket involving its expression and a
noncompact one will yield a product of noncompact symbols only. This way, one obtains
a double bracket expression with no compact symbols at all, analogous to (B∗). Together
with (A∗), (C∗), (W∗), it still presents Chevalley groups in the same way as described in
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commutator formula in the simply-laced case and the triple product in Jordan triple systems
no longer holds and its proof is more involved than the one given here. See [6] for details.
2. Proof of Theorem 1.2
We start with a useful lemma whose proof is elementary:
Lemma 2.1. Let Φ be a root system whose roots have the same length and α,β, γ ∈ Φ
such that
(i) α,β, γ are linearly independent and
(ii) α + β,α + β + γ ∈ Φ .
Then Φ(α,β, γ ) ∼= A3 and α,β, γ form a set of fundamental roots, with γ lying at an
extreme of the corresponding Dynkin diagram.
Suppose Φ is a simple root system of hermitian type all of whose roots have the same
length, i.e., Φ is type An, Dn+3, E6, E7, n  1, and K is an arbitrary field. As stated in
Theorem 1.2, assume a group G is generated by xβ(t), β ∈ Φn and t ∈ K , satisfying
(A∗) xβ(t)xβ(u) = xβ(t + u),
(B∗) If β,γ, δ ∈ Φn, and β,γ are linearly independent:
• [xβ(s), xγ (t)] = 1 if β + γ /∈ Φ .
• [[xβ(s), xγ (t)], xδ(u)] = 1 if β + γ + δ /∈ Φ .
• [[xβ(s), xγ (t)], xδ(u)] = xβ+γ+δ(Nβ,γNβ+γ,δstu) if β + γ , β + γ + δ ∈ Φ .
(W∗) nβ(t)xβ(u)nβ(t)−1 = x−β(−t−2u), where nβ(t) = xβ(t)x−β(−t−1)xβ(t), t = 0,
and, for the second part of the theorem, the extra relations
(C∗) hβ(t)hβ(u) = hβ(tu), tu = 0, where hβ(t) = nβ(t)nβ(1)−1, t = 0.
We recall the identities
[aa′, b] = [a, [a′, b]] · [a′, b] · [a, b], [b, aa′] = [b, a] · [a, [b, a′]] · [b, a′],
for a, a′, b ∈ G, where [a, b] = aba−1b−1.
We can assume that Φ = A1 because, in that case, the generators and relations above
reduce to Steinberg’s classical ones [2,11].
Let β,γ ∈ Φn be linearly independent roots. If β + γ is also a root then Nβ,γ = ±1.
We want to find out what the compact element ‘xβ+γ (t)’ looks like in our axiomatization.
If β + γ ∈ Φ , define
x
t,u ≡ [xβ(Nβ,γ t), xγ (u)],β,γ
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x
t,u
β,γ = xt
′,u′
β,γ
if tu = t ′u′.
Lemma 2.2. Let β,γ ∈ Φn and t, u ∈ K , t = 0. Then
nβ(t)xγ (u)nβ(t)
−1 =


[x−β(−t−1), xγ (u)] if β − γ ∈ Φ,
[xβ(t), xγ (u)] if β + γ ∈ Φ,
xγ (u) if β ± γ /∈ Φ.
Proof. (a) First suppose β − γ ∈ Φ . Then
nβ(t)xγ (u)nβ(t)
−1 = xβ(t)x−β
(−t−1)xβ(t)xγ (u)xβ(−t)x−β(t−1)xβ(−t)
= xβ(t)x−β
(−t−1)xγ (u)x−β(t−1)xβ(−t)
= xβ(t)
[
x−β
(−t−1), xγ (u)]xγ (u)xβ(−t)
= xβ(t)
[
x−β
(−t−1), xγ (u)]xβ(−t)xγ (u)
= [xβ(t), [x−β(−t−1), xγ (u)]][x−β(−t−1), xγ (u)]xγ (u)
= xγ (N−β,γ Nγ−β,βu)
[
x−β
(−t−1), xγ (u)]xγ (u)
= xγ (−Nγ,−βNγ−β,βu)
[
x−β
(−t−1), xγ (u)]xγ (u)
= xγ (−u)
[
x−β
(−t−1), xγ (u)]xγ (u) (Nγ,−βNγ−β,β = 1)
= [x−β(−t−1), xγ (u)] (2γ − β /∈ Φ).
(b) Now suppose β + γ ∈ Φ .
nβ(t)xγ (u)nβ(t)
−1 = xβ(t)x−β
(−t−1)xβ(t)xγ (u)xβ(−t)x−β(t−1)xβ(−t)
= xβ(t)x−β
(−t−1)[xβ(t), xγ (u)]xγ (u)x−β(t−1)xβ(−t)
= xβ(t)x−β
(−t−1)[xβ(t), xγ (u)]x−β(t−1)xγ (u)xβ(−t)
= xβ(t)
[
x−β
(−t−1), [xβ(t), xγ (u)]][xβ(t), xγ (u)]xγ (u)xβ(−t)
= xβ(t)xγ (Nβ,γ Nβ+γ,−βu)
[
xβ(t), xγ (u)
]
xγ (u)xβ(−t)
= xβ(t)xγ (−Nγ,βNβ+γ,−βu)
[
xβ(t), xγ (u)
]
xγ (u)xβ(−t)
= xβ(t)xγ (−u)
[
xβ(t), xγ (u)
]
xγ (u)xβ(−t)
(Nγ,βNβ+γ,−β = 1)
= xβ(t)
[
xβ(t), xγ (u)
]
xβ(−t) (β + 2γ /∈ Φ)
= [xβ(t), xγ (u)] (2β + γ /∈ Φ).
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nβ(t)xγ (u)nβ(t)
−1 = xβ(t)x−β
(−t−1)xβ(t)xγ (u)xβ(−t)x−β(t−1)xβ(−t)
= xγ (u). 
In what follows, we write nβ = nβ(1).
Lemma 2.3. Suppose β + γ ∈ Φ . Then
(a) nβxt,uβ,γ n−1β = xγ (Nγ,β tu) = xγ (N−β,−γ tu),
(b) n−βxt,uβ,γ n−1−β = xγ (Nβ,γ tu) = xγ (−N−β,−γ tu).
Proof.
(a) nβx
t,u
β,γ n
−1
β = nβ
[
xβ(Nβ,γ t), xγ (u)
]
n−1β
= [x−β(−Nβ,γ t), nβxγ (u)n−1β ]
= [x−β(−Nβ,γ t), [xβ(1), xγ (u)]]
= xγ (Nβ,γNβ+γ,−βNβ,γ tu)
= xγ (Nγ,β tu) (Nβ+γ,−β = Nγ,β)
= xγ (N−β,−γ tu) (Nβ,γ = −N−β,−γ ).
(b) n−βxt,uβ,γ n
−1
−β = n−β
[
xβ(Nβ,γ t), xγ (u)
]
n−1−β
= [x−β(−Nβ,γ t), n−βxγ (u)n−1−β]
= [x−β(−Nβ,γ t), [xβ(−1), xγ (u)]]
= xγ (−Nβ,γNβ,γNβ+γ,−βtu)
= xγ (Nβ,γ tu) (Nβ+γ,−βNγ,β = 1)
= xγ (−N−β,−γ tu) (Nβ,γ = −N−β,−γ ). 
Lemma 2.4. Let β,γ ∈ Φn, β + γ ∈ Φ0, and t, u ∈ K . The element xt,uβ,γ depends only on
the product t · u and the sum β + γ ∈ Φ0.
Proof. Assume β,γ ∈ Φn are fixed. Then, by Lemma 2.3, xt,uβ,γ depends only on the
product of t and u. Now, fixing t and u, we vary the roots. First, notice that
nβx
t,u
γ,βn
−1
β = nβ
[
xγ (Nγ,β t), xβ(u)
]
n−1β =
(
nβ
[
xβ(u), xγ (Nγ,β t)
]
n−1β
)−1
= x−1γ (N−β,−γ Nβ,γNγ,β tu)
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Thus xt,uγ,β = xt,uβ,γ .
Now suppose β,β ′, γ , γ ′ ∈ Φn are such that β + γ = β ′ + γ ′ ∈ Φ . We claim
x
t,u
β,γ = xt,uβ ′,γ ′ . (∗)
In view of the previous calculation, we can assume β,β ′ ∈ Φ+n and γ, γ ′ ∈ Φ−n . We also
can assume β = β ′ (otherwise β = β ′, γ = γ ′). Then it follows from Lemma 2.1 that
β,γ,−β ′ form a fundamental system of Φ(β,γ,β ′) ∼= A3 and that, in the Dynkin diagram
of this basis, β stands in the middle whereas γ,−β ′ are the extreme nodes. Relative to that
positive system, γ ′ is the highest root. Hence
nβx
t,u
β ′,γ ′n
−1
β = nβ
[
xβ ′(Nβ ′,γ ′ t), xγ ′(u)
]
n−1β =
[
nβxβ ′(Nβ ′,γ ′ t)n
−1
β , xγ ′(u)
]
= [[x−β(−1), xβ ′(Nβ ′,γ ′ t)], xγ ′(u)]= xγ (−Nβ ′,γ ′N−β,β ′Nβ ′−β,γ ′tu).
Now Nβ ′−β,γ ′ = Nγ,−γ ′ . Therefore
nβx
t,u
β ′,γ ′n
−1
β = xγ (−Nβ ′,γ ′N−β,β ′Nγ,−γ ′ tu)
= xγ (Nβ ′,γ ′N−β,β ′N−γ,γ ′ tu) (Nγ,−γ ′ = −N−γ,γ ′).
From
N−β,−γ Nβ ′,γ ′ + N−γ,β ′N−β,γ ′ +Nβ ′,−βN−γ,γ ′ = 0,
one has
Nβ ′,γ ′N−β,β ′N−γ,γ ′ = N−β,−γ
and finally
nβx
t,u
β ′,γ ′n
−1
β = xγ (N−β,−γ tu),
proving (∗) and the present lemma. 
For each root α ∈ Φ0 there are roots β,γ ∈ Φn such that α = β + γ . Applying
Lemma 2.4, we may define ‘xα(t)’ as
xα(t) ≡ xt,1β,γ =
[
xβ(Nβ,γ t), xγ (1)
]
.
We have proved (Lemma 2.3 (a)) that
nβxα(t)n
−1 = xγ (N−β,−γ t).β
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xγ (N−β,−γ t) · xγ (N−β,−γ u) = xγ
(
N−β,−γ (t + u)
)
,
it follows that
xα(t) · xα(u) = xα(t + u), where α ∈ Φ0 and t, u ∈ K.
Lemma 2.5. The relations (B) of Theorem 1.1 hold.
Proof. Let α,λ ∈ Φ0 and β,γ, δ ∈ Φn such that α = β + γ and the pair α,λ is linearly
independent. Let t, u ∈ K . Then
(i) [xα(t), xδ(u)] = 1 if α + δ /∈ Φ .
In fact, [[xβ(Nβ,γ t), xγ (1)], xδ(u)] = 1 since β + γ + δ /∈ Φ .
(ii) [xα(t), xδ(u)] = xα+δ(Nα,δtu) if α + δ ∈ Φ .
Indeed, [[xβ(Nβ,γ t), xγ (1)], xδ(u)] = xβ+γ+δ(Nβ,γNβ,γ Nβ+γ,δtu) = xα+δ(Nα,δtu)
since β + γ + δ ∈ Φ .
(iii) [xβ(t), xγ (u)] = [xβ(Nβ,γ Nβ,γ tu), xγ (1)] = xα(Nβ,γ tu).
(iv) [xα(t), xλ(u)] = 1 if α + λ /∈ Φ .
Indeed, in this case one has either Φ(β,γ,λ) ∼= A1 ×A2 or A3. In the first case, λ ∈ A1,
β,γ ∈ A2 and the assertion follows from (i). In the second case, either (λ,β) or (λ, γ )
= 0; we can assume (λ,β) = 0.
In the usual identification of A3 with {ei − ej }, where {ei} is an orthonormal basis of
R
4
, we can assume β = e1 − e2, γ = e2 − e3, and we have a system of fundamental roots
∆ = {β,γ,ρ = e3 − e4}.
For λ there are three possibilities: λ = e1 − e4, e2 − e4 or e4 − e2. In the first possibility, λ
is the highest root of Φ relative to ∆ and consequently ρ is a compact root. Now
nβ
[
xα(t), xλ(u)
]
n−1β =
[
nβxα(t)n
−1
β , nβxλ(u)n
−1
β
]
= [xγ (−Nβ,γ t), nβxu,1β,γ+ρn−1β ]
= [xγ (−Nβ,γ t), xγ+ρ(−Nβ,γ+ρu)]= 1
and then [xα(t), xλ(u)] = 1.
In the second case, λ = γ + ρ. Hence ρ is a noncompact root and
nγ
[
xα(t), xλ(u)
]
n−1γ =
[
nγ xα(t)n
−1
γ , nγ xλ(u)n
−1
γ
]
= [xβ(Nβ,γ t), xρ(Nρ,γ u)]= 1.
Finally, for λ = −γ − ρ, ρ is again a noncompact root and
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[
xα(t), xλ(u)
]
n−1γ =
[
nγ xα(t)n
−1
γ , nγ xλ(u)n
−1
γ
]
= [xβ(Nβ,γ t), x−ρ(Nρ,γ u)]= 1.
This concludes the proof of (iv).
(v) [xα(t), xλ(u)] = xα+λ(Nα,λtu) if α + λ ∈ Φ . In fact, one has Φ(β,γ,λ) ∼= A3, where
(λ,β) = 0 can be assumed.
As in (iv), we can write β = e1 − e2, γ = e2 − e3, and {β,γ,ρ = e3 − e4} is a system of
fundamental roots. Then the only possibility is λ = e4 − e1 and {λ,β, γ } is also a system
of fundamental roots, with β in the middle of the Dynkin diagram (this also can be seen
using Lemma 2.1 and the assumption that λ and β are not orthogonal). Then
xα(t) = xt,1β,γ , xλ(u) = xu,1λ+β,−β
and
nβ
[
xα(t), xλ(u)
]
n−1β =
[
nβxα(t)n
−1
β , nβxλ(u)n
−1
β
]
= [xγ (Nγ,βt), xλ+β(N−β,λ+βu)]
= xλ+β+γ (Nγ,λ+βNγ,βN−β,λ+βtu) (by (ii)).
But
Nγ,λ+βNγ,βN−β,λ+β = N−γ,λ+β+γ Nγ,βNβ,λ
= N−γ,−ρNγ,βNβ,λ = Nγ,ρNβ,γ Nβ,λ.
Now from
λ+ β + γ + ρ = 0
one gets
Nλ,βNγ,ρ + Nβ,γNλ,ρ + Nγ,λNβ,ρ = 0.
Since Nγ,λ = Nβ,ρ = 0,
Nλ,βNγ,ρ + Nβ,γNλ,ρ = 0
or
Nγ,ρNβ,γNβ,λ = Nλ,ρ = N−λ,λ+ρ = N−λ,−α = −Nλ,α = Nα,λ.
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nβ
[
xα(t), xλ(u)
]
n−1β = xα+λ(Nα,λtu)
and
[
xα(t), xλ(u)
]= n−1β xα+λ(Nα,λtu)nβ = xα+λ(Nα,λtu) (by (i)). 
Finally, we have shown that the compact and noncompact symbols together satisfy
relations (A) and (B). It is a consequence of these relations (see Carter [2]) that
nαhβ(t)n
−1
α = hwα(β)(t) (2.1)
for any α,β ∈ Φ (here nα(t), hβ(t) are defined as in Theorem 1.1 and nα = nα(1) as usual).
As the action on Φ of its Weyl group is transitive, (C) follows from (C∗) and (2.1).
3. Example: the case An (n 1)
The case An admits (n + 1)/2 distinct (up to signs of the structure constants)
‘hermitian’ presentations, x denoting the largest integer no greater than x. They
correspond to the possible choices of the noncompact simple root in its Dynkin diagram
(see Section 1, Table 1). For instance, consider one of the extremities of the diagram as the
noncompact simple root, say β = e0 − e1, and write
xi(t) = xe0−ei (t), x−i (t) = xei−e0(t), 1 i  n.
For any choice of signs of the structure constants, one gets, after some simplification, the
following presentation:
Theorem 3.1. The group SLn+1(K) (n  1) is isomorphic to the group generated by the
symbols
x1(t), . . . , xn(t), x−1(t), . . . , x−n(t),
t ∈ K , subject to the following relations
(A∗) xi(t)xi(u) = xi(t + u),
(B∗) [xi(t), xj (u)] = 1, ij > 0,
[[
xi(t), xj (u)
]
, xk(s)
]=
{
xi(tus) if k = −j,
1 if k = −i,−j, ij < 0, i = −j,
(W∗) ni(t)xi(u)ni(t)−1 = x−i (−t−2u), t = 0,
(C∗) h1(t)h1(u) = h1(tu), tu = 0,
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ni(t) = xi(t)x−i
(−t−1)xi(t), h1(t) = n1(t)n1(1)−1, t = 0.
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